IMPORTANCE Derived neutrophils/(leukocytes minus neutrophils) ratio (dNLR) and lactate dehydrogenase (LDH) level have been correlated with immune checkpoint inhibitor (ICI) outcomes in patients with melanoma.
I mmunotherapy, principally represented by programmed death 1/programmed death ligand 1 (PD-1/PD-L1) inhibitors, has been approved worldwide as treatment for advanced non-small cell lung cancer (NSCLC) and has been hailed as an important addition to the treatment armamentarium for this population. In an unselected previously treated NSCLC population, response rates with single-agent immune checkpoint inhibitors (ICIs) range between 14% and 20%, with median overall survival (OS) of 10 to 12 months. [1] [2] [3] [4] [5] However, when this population is stratified by specific biomarkers, notably positive PD-L1 expression by immunohistochemical analysis, these outcomes improved, reaching up to 30% response with a median OS of 20 months, 3, 5 in contrast to patients with negative or weak PD-L1 expression (1%-49% positive tumor cells, accounting for approximately 67% of the population) for whom response rates between 8% and 19% have been reported with median OS slightly below 10 months. 6 However, even within the PD-L1-positive stratum, the benefit with immunotherapy is not seen for the entire population, making the identification of biomarkers for patients likely to respond to ICI therapy a critical step in selecting the candidate population.
The inflammation process has been proposed as a mechanism of immunoresistance in patients with cancer, promoting cancer growth and dissemination, and activating oncogenic signaling pathways. 7 Furthermore, a peripheral pro-inflammatory status has been associated with worse outcomes in patients with cancer. [8] [9] [10] Numerous routine blood parameters have been investigated as potential inflammatory biomarkers in patients with cancer, such as elevated concentration of circulating white blood cells, absolute neutrophil count, absolute platelet count, and lactate dehydrogenase (LDH) level, which are associated with poor outcomes in several cancer types. [10] [11] [12] [13] Novel potential biomarkers such as the neutrophil to lymphocyte ratio (NLR) and derived neutrophil to lymphocyte ratio (dNLR; absolute neutrophil count/[white blood cell concentration − absolute neutrophil count]) have been investigated to measure inflammatory status in various cancers, including NSCLC. These ratios are simple, easy-to-calculate instruments, combining at least 2 blood cell subpopulations, and are accessible from routine complete blood cell counts. However, with the exception of melanoma, the prognostic and predictive value of circulating inflammatory biomarkers for ICIs is unknown in most tumor types (eTable 1 in the Supplement). The 2 largest published retrospective analyses in advanced melanoma cohorts, one in 720 patients treated with ipilimumab 14 and the other in 512 patients treated with pembrolizumab, 15 reported the independent prognostic value of the dNLR (dNLR ≥3, hazard ratio [HR], 4.10; 95% CI, 3.08-5.46; P < .001) and LDH of at least 2.5 times upper limit of normal (ULN; HR, 2.8; 95% CI, 2.0-3.9; P = .001). Both studies reflected that a pro-inflammatory status was correlated with poor outcomes in patients with melanoma treated with ICIs. We hypothesized that the combination of baseline dNLR and LDH could be correlated with resistance to ICI therapy in patients with advanced NSCLC and could be used to develop a lung immune prognostic index (LIPI).
Methods

Patients
We conducted a multicentric retrospective study of a cohort of 466 patients with advanced NSCLC receiving treatment with PD-1/PD-L1 inhibitors in a variety of settings covering routine clinical care, expanded access, and compassionate-use programs, as well as clinical trials (nivolumab, pembrolizumab, atezolizumab, durvalumab, and durvalumab-ipilimumab). Initially, patients from Gustave Roussy treated with PD-1/PD-L1 inhibitors between November 2012 and July 2016 were included in a monocentric test set (n = 161) to establish the potential of the score. The hypothesis was then validated in a larger multicentric validation set (n = 305) that included patients treated with PD-1/PD-L1 inhibitors between November 2012 and January 2017 from 8 European academic centers (including patients from Gustave Roussy from July 2016 to January 2017) (eFigure 1 in the Supplement). To determine whether the LIPI is ICI specific, a control cohort of 162 patients with advanced NSCLC exclusively treated with chemotherapy, composed of 128 patients from Gustave Roussy treated between December 2011 and September 2015, and 34 from the Hospital 12 de Octubre treated between November 2012 and July 2016 were also evaluated for LIPI. Complete blood cell counts, LDH, and albumin levels at baseline before ICI treatment (within 30 days before the first treatment) were extracted from electronic medical records. Demographic, clinical, pathological, and molecular data were also collected.
Data for PD-L1 expression were analyzed on tumor cells by immunohistochemistry, according to standard practice for each center. Expression of at least 1% was considered positive.
Radiological assessments were performed every 8 weeks per RECIST (Response Evaluation Criteria in Solid Tumors) v1.1 in the test set and per the investigator's discretion in the validation set and the chemotherapy cohort. Radiological atypical response patterns per the investigator were collected including mixed or dissociated response (progressive disease in one location with objective response at another site).
This study was approved by the Institutional Review Board of Gustave Roussy (Commission Scientifique des Essais Théra-peutiques) and informed consent was not required because of the retrospective character of the study.
The LIPI was developed on the basis of dNLR greater than 3 and LDH greater than ULN, characterizing 3 groups (good, 0 factors; intermediate, 1 factor; poor, 2 factors). The cutoff for dNLR was greater than 3 (according to the cutoff from the largest published study with ICIs in patients with cancer 14 ), and the ULN for LDH was defined according the limit of each center.
Statistical Analysis
Disease control rate (DCR) was defined as complete plus partial response plus stable disease, and overall response rate as complete plus partial response. Overall survival was calculated from the date of first immunotherapy administration until death due to any cause. Progression-free survival (PFS) was calculated from the date of first immunotherapy administration until disease progression or death due to any cause. Comparisons between patient characteristics were performed using χ 2 or Fisher exact test for discrete variables and the unpaired t test, Wilcoxon sign-rank test, or analysis of variance for continuous variables. Survival analyses were performed using the Kaplan-Meier method and the log-rank test. All P values inferior to .05 were considered statistically significant. A Cox proportional hazards regression model was used to evaluate factors independently associated with OS and PFS. Variables included in the final multivariate model were selected according to their clinical relevance and statistical significance in a univariate analysis (cutoff, P = .10). The proportional hazard hypothesis was verified with the Schoenfeld residual method. Factors associated with disease control were tested with logistic regression in univariate and multivariate analyses. The α level was 5%. Internal validation of the final multivariate model for OS was performed on the overall LIPI population with a bootstrap sample procedure (n = 1000 samples). Statistical analyses were performed with R (free software environment for statistical computing and graphics).
Results
Test Set dNLR and LDH
Baseline characteristics of the 161 test set patients are summarized in eTable 2 in the Supplement. Median follow-up was 12 months (95% CI, 11-14 months). Median OS was 10 months (95% CI, 8-13 months) and median PFS was 3 months (95% CI, 2-4 months). A dNLR greater than 3 and LDH greater than ULN were associated with shorter OS (HR, 1.98; 95% CI, 1.27-3.10; P = .002 and HR, 2.44; 95% CI, 1.47-4.04; P < .001, respectively, log-rank test) and shorter PFS (HR, 1.61; 95% CI, 1.1-2.34 and HR, 1.77; 95% CI, 1.16-2.69; both P = .01, log-rank test). A dNLR greater than 3 and LDH greater than ULN were also associated with progressive disease (non-DCR) (OR, 2.12; 95% CI, 1.07-4.21; P = .03 and OR, 3.14; 95% CI, 1.47-6.71; P =.003,respectively, Cox regression).
In a multivariate analysis, LDH greater than ULN (HR, 2.51; 95% CI, 1.32-4.76) and dNLR greater than 3 (HR, 2.22; 95% CI, 1.23-4.01) were independently associated with OS, while performance status of 2 or greater (HR; 2.21, 95% CI, 1.04-4.67) and dNLR greater than 3 (HR, 1.83; 95% CI, 1.12-2.98) were independently associated with PFS (eTable 3 in the Supplement).
Lung Immune Prognostic Index (LIPI)
Baseline dNLR greater than 3 and LDH greater than ULN, both independently associated with OS in the Cox proportional hazard model, were combined for the LIPI calculation. Thirtyseven patients without baseline LDH or dNLR were excluded from the LIPI analysis. Among the 126 evaluable patients, 45 (36%) had good LIPI, 62 (49%) had intermediate LIPI, and 19 (15%) had poor LIPI.
Median OS was 3 months (95% CI, 1 month to not reached [NR]) vs 10 months (95% CI, 8 months to NR) vs 34 months (95% CI, 17 months to NR) for the poor, intermediate, and good LIPI groups, respectively (P < .001) (eFigure 2A in the Supplement). Median PFS was 1 month (95% CI, 2 to 4 months) vs 3 months (95% CI, 2 to 5 months) vs 6 months (95% CI, 4 months to NR) for the poor, intermediate, and good LIPI groups, respectively (P = .001) (eFigure 2B in the Supplement). Disease control rate was also significantly correlated with the LIPI groups (P = .004) (eTable 4 in the Supplement). Intermediate and poor LIPI groups were associated with progressive disease as the best response to ICI (non-DCR), with an odds radio (OR) of 3.21 (95% CI, 1.12-9.18; P = .03) and 8.03 (95% CI, 1.82-35.36; P = .006), respectively. Performance status of at least 2 at baseline was also associated with non-DCR, with an OR of 7.89 (95% CI, 1.46-42.50).
Validation Set
Baseline characteristics in the 305 patients in the validation set were comparable to those of the test set (eTable 1 in the Supplement). Median follow-up was 12.8 months (95% CI, 11.9-14.4 months), median OS was 10.5 months (95% CI, 8.3-12.6 months), and median PFS was 4.6 months (95% CI, 4.0-6.3 months).
Lung Immune Prognostic Index was inversely correlated with OS and PFS. For the poor (high LIPI), intermediate, and good (low LIPI) LIPI groups, median OS was 6.2 months (95% CI, 4.3 to 13.9 months) vs 10.0 months (95% CI, 7.2 to 12.9 months) vs 14.2 months (95% CI, 10.8 months to NR), respectively (P = .004) (eFigure 2C in the Supplement). For the poor, intermediate, and good LIPI groups, median PFS was 3.6 months (95% CI, 2.1-6.7 months) vs 4.2 months (95% CI, 3.1-6.3 months) vs 6.7 months (95% CI, 4.5-8.0 months) (P = .005) (eFigure 2D in the Supplement). The response rate (according to the investigator) and the DCR were also correlated with the LIPI groups (P < .001 and P = .01, respectively) (eFigure 3 and eTable 4 in the Supplement).
Pooled LIPI Population
Baseline characteristics are summarized in eTable 2 in the Supplement, and in eTable 5 in the Supplement according to LIPI group. Median follow-up was 12.8 months (95% CI, 11.9-13.5 months). Median dNLR was 2.42 (interquartile range, 1.73-3.61) and was greater than 3 in 163 patients (35%). Median LDH was 248.5 U/L (interquartile range, 189-350 U/L; to convert to microkatals per liter, multiply by 0.0167), and greater than ULN in 179 patients (41%). For the overall population, LDH and dNLR data were missing for 7% and 3% of the population, respectively. Overall, PD-L1 status was positive in 96 patients (21%), negative in 33 (7%) and not available in 337 patients (72%). The high rate of missing PD-L1 status was due to the fact that it was not mandatory for ICI prescription. The median number of prior lines of therapy administered before ICI therapy was 1 (range, 0-11). The overall response rate with ICI was 27% (n = 126 patients), and 32 patients (7%) had additional atypical or dissociated response patterns.
The LIPI was evaluable for 431 patients, giving 63 patients (15%) in the poor group, 206 (48%) in the intermediate group, and 162 (38%) in the good LIPI group. Median OS was 10.1 months (95% CI, 9.0-11.7 months) and median PFS was 4.0 months (95% CI, 3.4-5.0 months).
Median OS was 4.8 (95% CI, 3.6-7.7) vs 10.0 (95% CI, 7.3-12.6) vs 16.5 (95% CI, 11.4-34.0) months for the poor, intermediate, and good LIPI groups, respectively (Figure, A) , and median PFS was 2.0 (95% CI, 1.7-4.0) vs 3.7 (95% CI, 3.0-4.8) vs 6.3 (95% CI, 5.0-8.0) months (both P < .001) (Figure, B) .
The role of dNLR greater than 3 and LDH greater than ULN were further validated with a resampling bootstrap procedure (1000 replications) in which all statistical analyses were replicated on each bootstrapped sample ( Table 1) , with this internal validation procedure reflecting the robustness of the final model. A dNLR greater than 3 and LDH greater than ULN were associated with significantly shorter OS (HR, 1.70; 95% CI, 1.27-2.28; P < .001 and HR, 1.36; 95% CI, 1.02-1.83; P = .04, respectively). No differences were observed in our cohort according to PD-L1 expression (positive/negative/unknown) in terms of PFS and OS.
The LIPI was also correlated with response rate (P < .001). In a multivariate analysis, the intermediate and poor groups were associated with progressive disease, with an OR of 2.20 (95% CI, 1.26-3.84; P = .005) and 3.04 (95% CI, 1.46-6.36; P = .003), respectively ( Table 2) .
Analysis of OS according to population subgroups revealed significant correlations with the LIPI group, regardless of histologic subtype (eFigure 4 in the Supplement) and age (eFigure 5 in the Supplement). In the smoker population, LIPI was correlated with OS (HR for intermediate-risk group, 1.68; 95% CI, 1.21-2.32; HR for poor-risk group, 2.82; 95% CI, 1.88-4.24; P < .001) (eFigure 6 in the Supplement). In the performance status 0 to 1 population, LIPI was correlated with OS 
Chemotherapy-Only Cohort
In the chemotherapy cohort, the 162 patients with advanced NSCLC had a median follow-up of 25. Among the 157 patients evaluable for LIPI, 53 patients (34%) had a good LIPI score, 70 (45%) intermediate, and 34 (22%) poor (eTable 6 in the Supplement). No differences were observed in terms of survival according to LIPI group. Median OS was 7 (95% CI, 5-19) vs 10 (95% CI, 7-15) vs 11 (95% CI, 8-19) months for the poor, intermediate, and good groups, respectively (P = .10, log-rank test) (Figure, C) . Median PFS was 4 months (95% CI, 1-6 months) for poor vs 4 months (95% CI, 2-6 months) for intermediate vs 4 months (95% CI, 4-7 months) for good (P = .37, log-rank test) (Figure, D) . No correlation was observed between LIPI and response rate or DCR.
Discussion
The LIPI, based on dNLR and LDH, was used to stratify our NSCLC population into 3 groups, good, intermediate, and poor. In our overall population of 431 patients treated with ICI, median OS and PFS were 10.1 and 4.0 months, respectively, consistent with prior reports in patients with NSCLC treated with PD-1 inhibitors in second or later lines. 1, 2, 5 The 15% of the population with a poor (high) LIPI were more likely to have progressive disease as their best response to immunotherapy (OR, 3.04; P = .003, and had both shorter PFS (median, 2.0 months) and In a pro-inflammatory status, this induces an "emergency granulopoiesis" that rapidly increases neutrophil generation, releasing immature or poorly differentiated neutrophils, which has been associated with tumor progression.
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Derived NLR may reflect this negative inflammation.
Limitations
The retrospective nature of this study implies various limitations, including missing clinical and pathological data (albeit for a low proportion of patients); a high rate of patients had unknown PD-L1 status, and when data were available, the percentage of positive expression was often not provided. It should be noted that much of the population was treated in a second-or third-line setting, in which PD-L1 status was not mandatory for prescribing the therapy in Europe. Furthermore, for patients with known status, as this was not centrally performed, methodology was heterogeneous (eg, antibodies, measurements). Another limitation is that in the validation set and chemotherapy cohort, radiological assessment was performed locally, lowering the strength of the DCR and PFS results. Finally, some patients from the poor LIPI group achieved clinical benefit-possibly because automated neutrophil counts do not discriminate between the different subpopulations of neutrophils that could have protumor or antitumor functions.
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Conclusions
Poor baseline LIPI, combining dNLR greater than 3 and LDH greater than ULN, was correlated with poor outcomes with immunotherapy, but not chemotherapy, raising the hypothesis that LIPI might be useful for identifying patients unlikely to benefit from treatment. The assessment of LIPI in association with PD-L1 expression should be explored in future prospective clinical trials and will contribute to defining the prognostic and/or predictive value of LIPI. Moreover, LIPI could also be used to stratify patients in randomized studies. 
